Receptor-interacting protein 140 (RIP140) is highly expressed in the brain, and acts in neurons and microglia to affect emotional responses. The present study reveals an additional function of RIP140 in the brain, which is to regulate brain lipid homeostasis via its action in astrocytes. We found forced swim stress (FSS) significantly reduces the expression level of RIP140 and elevates cholesterol content in the brain. Mechanistically, FSS elevates endoplasmic reticulum stress, which suppresses RIP140 expression by increasing microRNA 33 (miR33) that targets RIP140 mRNA's 3 0 -untranslated region. Consequentially, cholesterol biosynthesis and export are dramatically increased in astrocyte, the major source of brain cholesterol. These results demonstrate that RIP140 plays an important role in maintaining brain cholesterol homeostasis through, partially, regulating cholesterol metabolism in, and mobilization from, astrocyte. Altering RIP140 levels can disrupt brain cholesterol homeostasis, which may contribute to behavioral stress-induced neurological disorders.
Introduction
Stressful experiences can contribute to mood changes and psychological and neurological disorders. For instance, chronic stress leads to hippocampal structure remodeling and cognitive impairment in rodents (McEwen et al., 2012) . While alteration in adrenal steroid and neurotransmitter release can cause brain structural changes and behavioral disorders (McEwen, 2012) , the molecular mechanism underlying stress-induced neurological disorder is poorly understood. Recent studies indicated that, chronic stress such as social defeats can disrupt lipid metabolism by increasing transcriptional activity of genes involved in cholesterol synthesis (Chuang et al., 2010) ; as a result, the level of circulating cholesterol is significantly elevated minutes after exposure to psychological stressor (Muldoon et al., 1992 ). Brain contains the highest level of cholesterol, and almost all the brain cholesterol is formed by de novo synthesis due to efficient blockade in the uptake of circulating cholesterol by the blood-brain barrier (Wang and Eckel, 2014) . A disruption in brain cholesterol level has also been related to cognitive impairment (Martin et al., 2010) . However, whether and how brain cholesterol homeostasis may be directly affected by stress is unclear.
Receptor-interacting protein 140 (RIP140), a transcriptional coregulator for numerous transcription factors and a signal transduction regulator, is recently implicated in the regulation of cognitive function, emotional response and neuron health via its activities in microglia and neurons (Feng et al., 2014; Flaisher-Grinberg et al., 2014) . RIP140 is first known to co-regulate the activities of many nuclear receptors/transcription factors that regulate lipid metabolism. For instance, in adipose tissues, RIP140 regulates the storage of lipids by inhibiting the expression of genes involved in fatty acid oxidation (Leonardsson et al., 2004; Ho et al., 2011) . In hepatocytes and macrophages, RIP140 is involved in both positive and negative actions of liver X receptor (LXR)-regulated lipid and glucose metabolism (Herzog et al., 2007) . In microphages, cholesterol overload activates microRNA 33 (miR33), a regulator of hepatocyte cholesterol homeostasis which decreases RIP140 mRNA level (Ping-Chih Ho et al., 2011) . RIP140 is highly expressed in the brain (Lee et al., 1998) 
